Japan Patent Office 

Kokai Patent Publication No. 80764 - 1984, May 10, 1984 
Electroie*. plating bath of pi&tinvm or platinum-palladium 

Patent Application No. 190587 - 1S82 
Date of Application : October 28, 1982 

Inventor : E. Toriyasu 

Inventor : X^Ta^SST' Hi * a8hl Kuh ° J1 ' Y *° Sh * 

Inventor : t^Lll^' Sat6uki « ata ^' Shi 

Applies— --^f" 06 . 01 ? 0 ' Kawachinagano Shi 

S ^ -t^--- r ' ^ a ^ial Technology Institute 

^o^ y ^ Technology Teat Labo- 

-a-v iy> i.idustriax Technology Institute 



specification 



Title of invention: Electrons plating bath of platinum or 

Platinum-palladium alloy 

Claims of the Patent 

palJa^^^iTo^S^S 3 ^^ bath ° f *> iati ™» or platinnjn- 
(a) the"ni?ro° C omSiex wU^^Sd^^ th *f " C ° ntains 
salt of platinum o-V« - ^ ' " 6 complex 

hydroxy.! aJm« i.^!!!^*™ P^ladium, (b) 

~ IB. ~ vw ana tnat the pH is 10 

Detained description of the Invention 




6 » C6 u on t .:: v :TT?^ u J:".^ n OVel piafcing bath whlch hfls 
r^.T;*;V%C X^tri.^.^ 1 *, 0 ^ solution, high utilization 

also" :---,::: \ i J -^V uu " Ui " Platinum - palladium alloy and. 
^ > a --" v operating temperature. 

lit ?!S! n ? ™ e eiectroieBB plating of platinum, the known 

ii&ssrsjLjs fr c rco^o„iy 2 P rLtL o :d th 0 piSss 

bath solution which ^2tf S^il^"^:^ S2 
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reducing agent selected from hydrazine, borohydrid^ salt 
ax*yx amxnc boran, hypophosphitee. formal^ etc 

i„ 5£"? Ver ' the ^e^ction of platinum ion proceeds relative- 

— ww^iig yiatcd wouxd be difficult. 

th „ F 2f r S ?^ 1 1' among the reducing agents mentioned above 

tte £ZTtto?ifTllt* aa a t0 ° Btr ° ng Power and bo 

■Fo— «-r ( 1 " e - oel1 decomposition); there- 

ntftbil^,^:^? "n^* 0 *?^ 0 ? 1 : ifc ia "«cea*ary to add the 

ins a<-;:r : B i:;'j":.!f case ' a citable a tabin z - 

bath noV,",v ^;' YX^r; ll ^, u ; ™ e aik ^ amine boran type 

decomposition £utlhe'"^*^"-°^«"". Uiere < is . lifctle . 86l£ 



Plastics is rqrrw"'-^ --.t^usn^y, tne range of usabie 
SoSfrX^u.^ " °w\fi;°: tne ^' ount of evaporation of am- 
is *h* eh^-^^h^Z*"*" "ture ie large and so there 

terms of the operational aspects. Hex* . £«~*?«*5?v. 
hypo phosphite and formalin, the reduolnj k " 

t£~ ? r dUCU ° n ( need8 to be conducted a? fhlgh^emp^a- 
S^LL^rfrr- Caee of ?»» temperature*, Jff^lf 



Sirsss ii iL i !; po ri ble ^ 0 a ? ply the bath eo^on t£at 

1? to d?J? the Past for the plating of other metala dlrect- 
vLT^oot e °^ ee thC « tablli ty of the bath solution is 

the -a— - iS De * leved ^at. ^ selecting the form of 
stabitifcv"^ ana tne stabiliaer, one can improve the 
ooabiiity 01 tne oath solution. 

. lc t°.}- m ^° Ve fche stability of the hydrazine type bath solu- 
B £a^t ^.t™' tn f P re ^«t inventor* conducted extensive 
frr" i !f..v u :,y a f i0us P^tmum ion complex salt and the ooexis- 

^"^ a * a ff 16 Gnd ' as the result, it was found out 
com^.x ■ liUai US6d Particularly as its nitro 

Jjt^T ™ ine complex salt and also when the 
atibill^^'t.r^^y?!* 1 ."^ stabilizing agent, the 
in ?h7: ""tr:;?" " proved remarkably and that, 

hanrorf T .::.::-;,cv: f!.t e r.r:r c .^ ec t p ^ atlon p^perty iQ en - 
v ^;^r CT r*;;. ,, :r.:i o;rv iici! ; m^u* utilization ratio is 

* "~ u " ~ v ~ VOJ A ttna tnat tne piaLing can be conducted 
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a t n low ^ ! - ^ t r t ^ jr. per ai/.; . j f * i " ^ • ■ • ^ ^ & /-* ^ ^ j #_ u 4 

hA^Hd« ^.v^ ; p*^^-Lii S layer does not 

en £ nci JJ e adhesion strength is high and that, in addi- 
ol^n^r the °* ld ^f 1 ™ complex ualt and the nitro 

Bim^lt^on^^ S am ? 1 ?? GOmplex of palladium are used 

simultaneously r the platinum - palladium a^ov r>la^H \~ 
the same way. Thus, this invention haa been accomplished. 

" ^ l '" ii3 , ^yention is related to the electrolesa plat- 

;^r^r".?:j i ? t,i ?^.°^ piatinu,n -p aii ^ium au oy which i 3 

or"\Zd~^* y ifc C ? ttfeain f <*> the nitro complex «ait 

tana, l. aiiuuane complex aalt o£ platinum, or the nitro 

f?SiSf "J* °^ ( ?? d) ni * ro a*" 11 * -It of t£l B 

( tnee* } and i>ailarH»*«* \ ^ — a, . . ? _ * , , , , 

hydrazine *-*n*v : P ia - io 

A» iur the platinum nitro complex salt or platinum nitro 
^Sf.SS^?* B ^ fc ! ^example, crystal of K 2 [Pt(N0 2 ) 4 J , 

i* J ' ,nna ' a " (HU2 )2, etc ie used by dissolving in 
~r'°CtZ *' a " r 4 ; or ' fc ? the solution of ammine complex salt 
°?vSI r °, a ™ ln ^ co 2 plftx salt of Platinum, the salt such as 



of nitrous acid is reacted in ammonia 



in the oath £*o1ut-l rt " ^v^^.^j-i j-^,, ^ 

. _ t - v, i u ^ ,u ^ aj.v^» -Liii^uence on the 

pl«tine condition *nd, C o ? considering the quality control 
^S t < ° f the ^ latin «- it ^ preferred to use the oryetai 
which is fts pure as possible. In the caw of using the crys- 
tals, usually one type In used hut it-. mi ^^t^ ^ „o S o 
type© or more. ^ —^-^ — - e - 

In the caoe of plating the platinum - palladium alloy, 
une eryoiaiB Oi the said platinum complex aalt and the pal- 
lacuuir, ru.ro ooiuplcx aaiL or (and) palladium nitro ammine 



^ u u „ wa J er and the P roduc t obtained ia used, 
une auove aientioned paiiadiuiii complex aalt, examples are 

tl^ Bu rt D Jzt ^ U ' d l^° 2) ^' ^f^- Pd <^°2)4j, (Nil3>2Pd(N0 2 ) a , 
e^c. A n une caae u± using the crystal, at ieaat one type of 
these ie ust-a. At the {.imr -f ^.^^^^ „^., 4 -* »f _ ^ 

platinum . 



. , , °- Plating the platinum - pailad- 

" j » •■■'^j. icxL-j.^ j-'iaLiiiuai una panaaium as metax 

v — * — x,5 mois.of palladium to I mol of 



iijurux/j. c^iinH ooii, which ia uaed in this in- 
;w wci^er ooiuoic oaiu such as the hydrochloride. 



sulfate F ni tratu , etc. are preferred. 

As for the hydrazine in this invention, the one which be- 
come 5 hydrazine in the nb*itt> of water solution, e.g. the 
hydrate, hydrochloride, sulfate of hydrazine can be used 

suitably. 

As to the composition of bath solution of this invention, 
H?f , c ° n 3 entratioft o£ Platinum or platinum ~ palladium is 5 x 
Iu - ~ 5 x M/ uter (in the case of platinum, 0.1 ' 10 

g/ xirer > , preterabiy 2.5 x 10-3 ~ 2.5 x 10" 2 M/liter (in 
the case of 0.5 ~ 5 g/ilter), the hydroxy! amine is 0.0014 ~ 
0./ M/ liter (in the case of hydrochloride, 0.1 ~ 50 g/ 
xiLer), preferably 0.0014 " 0.014 M/ liter (in the case of 
Hydrochloride , 0.1 ~ i g/ liter) and the hydrazine is 0.003 

1.5 M/ liter (in the caee ox mono hydrate, 0,15 ~" 75 g/ 
liter), preierably 0.003 ~ 0.3 M/ liter (in the case of mono 
nyarate, 0.15 ~ io g/ liter). In this invention, the bath 
solution ol the above described composition is prepared to 
tne pK in the range of iu ~ 13, preferably 11 12, by am- 
monia water or alkaline pH buffer solution, before the use. 

if the pii is above 13, the rate of reduction is fast and 
sen decomposition occurs easily. Also, if the pH is lower 
than 10, the rate of reduction is email and the plating time 
is iOii£-^«heii the: Uydrujtyl uuiinc 1l; iouo than 0.0015 M/ 
ii^er, u^abn^ty of the bath solution is poor and, also, if 
it; exceeds 0. / t%/ liter, growth of the plating layer ia sup- 
pressed extremely ana so it is not preferable. 

To the plating bath of this invention which is prepared 
as described, the material to be plated which wao given the 
activation treatment in advance is dipped and, at the temp- 
erature of in the range of room temperature ~ 60 deg C, pre- 
fer-ably 30 ~ 50 deg C, the reduction reaction occurs cataly- 
ticaiiy and the plating layer of good quality of platinum or 
platinum ~ palladium alloy grows, if this plating tempera- 
ture is lower than the room temperature, plating does not 
occur easily . Altso, if the plating temperature exceeds 60 
deg C, the self decomposition starts to occur. Within the 
said range of temperature, the plating proceeds well and, at 
this time 7 the reaction z'atiu of the platinum or platinum - 
palladium in the bath solution reaches 35 ~ 08 % and the 
©elf composition in the bath solution or the depositing on 
the reaction vessel waii does not occur" at all. The plating 
time depends on the shape of the material being plated and 
30 it iu not constant but, for example, in the case of 
obtaining the platinum plating layer of about 2 urn, it is a 



short tizr.e of 1.5 ^ 2 houri 



cnfflp^v 3& ,rr:"*^ a ^ ° A unis invention, the said platinum 
^-.tr^r:.—^^ z f verv stable (same with the said pal- 
1^"^""--- _?:r,^ ao) f nd ' when ™ e nydroxyl amine salt 
;-r\ -\"' *"•«"»•"• cotojpiftx io formed and the self decom- 



^e 0 !"????!?^', in , the P iat ine bath of this invention, when 
^1:^:/^ p i ated * B nofc ^iPPed, the self decompoet- 

v^i' ^cd ZbSS. l0r a i0nS time Peri ° d * nd eo " h - - 

tJ ..? a .f°f_^?. ^teriai to which the plating bath of 

^-t"^'"^ :! n ., oe *PP±ied, examples are the industrial 
TIP-"^" C "? , cl f ctronic P^ts or electrode mater- 

^;^;^^f PS T': ^ c ^ x ' Ar <?'?> , Q,id their alloys, and tita- 
reaTne "such^T .X^T^tJ^^^f 0 to fch f synthetic 
(ABS) re^n ^n^t^J^^t^ ' ^ aai f^ - styrene copolymer 

common mater iaTto^h^h^^ *°. fche 

~ „ ~i „ . ^w^Oiebs Plating can oe app- 

^u 1 !!;,^^ be applied in the manufacturing of the 
™" 7t e ^c t roiy«i B tank for producing hydrogen 

*\rZ"iZ Xut"^^ ^*, waual is uedd by being put into Junc- 

t y ;;* ;r ::::^7:i ui \^ Cil f n f e t 0 ^ 6 - In the »**ms of this 
er T;^; n -?;'r:rv:.^ ?t?^t ng oat < v i °f fc f ie invention is 6UP - 

tvDe '..;;'u "V r"? ""7 = f J - r * a o* tne alkyl amine boran 

wjr*« WA wi xcistj contamination of the membrane. 

«..,.?" t- 1 c f DCS ; iL is Preferred to conduct a preliminary 
actxvauion treatment to the material to be plated. 

;L t 5^? S ff !?,f* a1 ' it is dipped in the water solution 
aurf-V?" .r:„r a .1 A ^f Ulft \ pAQtinu,n ' Sodium, etc after its 
conducts X^'.fH ^I,^? .it iu activated by 

uoln R the wa^/^i^'rrrr^.^*^ nt in continuation by 

io dipped m ^ ! :m:: ^.r^ h ^f iae then - " 

- *--~«"-»a DZauJi ui this invention. 

In the cases of polymeric material ,.*laee, ceramic, 
a^tivat^ 3 -". 6 tt ^??hIllzatlon. sesltizing treatment and 
^:t:^T; t^a^enx, vnicn are normally used when chemical 
S a ^^ u :,^f e f' nic * e i' etc is conducted on the surface 

^ n rTr- are conducted and then the dipping is 

^iauing batn or tnie invention. 
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depending on the polaritv of JhS ^conducted and then, 

tion, reduction i« rt™ C« j- adsorbed and, in contiraia- 

pUce the HyTr of Lou?T^~ r f Vdrlde solu ^«>" to 

ins is done i~ 4- „*.?7 ° ^ °- a 2 um; af ter this* dipp- 
grow. uho P-auing bath of thie invention to let it 

thirfnvejuon'doS ^'SSLS i*^* * he Plafcln * bath of 
Platinum o- plat?™ c ? nt ^in boron in comparieon to the 

suitable for the p!aM~? £ ^r^r^* 18 " Xt ia Alao 
^ P .«. 4-w z piQ " i "S -° the flexible substrate as t« 

" a - b of the ".embrane - electrode Junction. 8 " ate as in the 

— g ^ w,e axiuy u f uhia metai with platinum. 

In the followiniz t-^ P <->..,,„<.>.._ , , . 

flcally by giving ^^.I'ZV^.ttJ**" 1 *™* more 
■=* CiJ 'i- j - > -'-' vj. application . 

Example of Application 1 

suifon"- - h ?. c f tlon f c ^change membrane of perfluoro carbon 
t::tTiZ^Z^ cy ? e *y M°nt Co., LNaph Ion 117] mlm- 

uim ViiAOMMicQS 7 mils (about fi 17k -.11 T j.. ' mem 

sd to the , v^ooui. y.i/^o mm)], platinum was join- 

„„ w ui^-uiox- pare of a diameter of about 80 mm. 

bi a «t ^«^»5^rr^!!^? f H th ^ , ^ rilne ' flrst the sand 

in 4N HCrVoJ^^an-^^^f^^^ , then the *>ilin« wae done 
wao done edni " e and the " the washing with hot water 

The treated membrane wae held in the olntino -.n *. 

filing Pl W at?niS ?^r ^ m8/ lOP ml) ^ hich was stained by 
and th! J , a on i ov ^ ^ ammonia water was placed 

\ftr tYe^*! W ^"° ne " or 2 hour * at *™» temperature, 
solutior ofrfi 1* ^-- h A ^ te . r : fche eodiUai boro ^dride 0.05 X 

-l.w.. vi . A& woa aiaaeQ fco same cell ^ reduclng 
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thl l^rtne " " niCkn « M on both surfaces of 



in fi T ba?h d o| i ?Sr? rt n mb - ane W&S dipped ln the ohe«ie*l plat- 

Ang Daun oi tne loxaowmg composition. 



/ \ vii^itro diauiunine platinum 

(2) Ammonia water (28 %) 

(3) Water 

(4) Hydroxy! amine hydrochloride 50 % 

water solution 
\0) Hydrazine mono hydrate iSO % as 

hydrazine ) 

Total amount 



0.5 g 
50 ml 
250 ml 

10 ml 

5 ml 
400 ml 
11.7 



th. piaw^cKsr^ibSrs 1 ^ oufc wae 3 ms/ cm2 and 

bi.t? 1 -^ ? hla P f i i ,° d ' 8e P ar ation out did not occur In the 
bath solution and the utilization ratio of the platinum in 
the original solution was about 98 X. P-iatlnum in 

Example of Application 2 

««rf Uain £ fch f . COn) Posite membrane of the sulfonic acid tvee 
membrane. " J ° t0 the eide of <=arboxylic acid 

In the same way as in Example of Application 1 the 
memorane was held in the cell and dipping was done In the 

P eSM f'°" e ^ 6 e ° dium borohydride of P H 23 to 

in thl ^st reduction layer and, after this! dipping 

m done PktlIlg Dath of the following composition 



(i) Potassium tetra nifcro platinate 
Kd.} Ammonia water (28 %) 
(3) Water 

Mj.«4VA0f ^ auuiiie hydrochloride 



0.6 g 
20 ml 
100 ml 
0.2 g 



Y — 
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(5) Hydra2ine mono hydrate (80 % as 

hydrazine) ft , 

iT) pS To ^1 200 ml 



11.8 



heated a*i h - 6lU "°" ? a6 ?*ep*red by having (1) (2) (3) 
aSdiSg ?J? ?5) S (6l ea t0 ° Dfcain the WatSr SOlUtion and 

bath^* se ? aratton out did not occur in the 
^r:, ou : u " i V it . ana ™ e utilization ratio of platinum in the 
original aoiution was 98 %, e 

Example of Application 3 

and^lea?^?-?£ °- ^ < 2 x 4 c «»> wa » «iven a decreasing 
^L C if^rj! -ruatmeni; oy using sodium cyanide solution and 

hyd^rhr-? - n ? ~ * 5 ? pail * d i™ ^loride 2N - 

mJ;.^^;; 1 '.::??..:?^"^ 401, o0 , fronds at the room temp- 
„. a I". "7" rr v "'-* c, , v t w "' Axwe-r- washing with water, dipping 
was done tn the following plating bath solution prepared in 
£J m„? l ^ 0r ^ ^-Pl" of Application 2) a? 40 5e« 5 
o^bouTTu^? ° bt * in th& pl * tinUB - AH** Plying 

utlliaa^o^M ion ° ccur ^ 1" the bath solution and the 
utixlaa.io,, r&uio of metal waa 96 % in all cases. 

(1) Potassium tetra nitro platinate 0 05 g 

)%{ f° uaB f tetf, a nitro pailadiumate 0 *05 e 

(3) Ammonia water c 7 

(4) Water _ 5 I? 1 

(7) w^S Z m ° n ° hydrate (eo * hydrazine) l.*5 ml 
ra> Total 40 mi 

v8/ *"* 11.8 

Example of Application 4 

^^r^! 1 . fc *ot Piece (2 x 4 cm) was deceased with alkali 

Turn chl~-?*- - iPPCa 60 8 f conde in the solution of rhod- 
,r! ; .„tYi.t uu ,f. L a ' nyarocnxoric acid 10 ml, water 100 ml for 

.to , U ": B ' A * w . as wa8ned with water and, by 
^X^TtJ^:^^ 0 * c± tne following composition, the 
hours"* l,4l - ftt " ,,e " u was conducted at 40 " 50 deg C for 2 
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(1) Dinitro diammine platinum 0.Q3 g 

(2) Ammonia water (28 %) 5 mi 

(3) Water 20 ml 

(4) Hydroxy! amine hydrochloride 0.1 g 

(5) Hydrazine mono hydrate (80 % ae hydrazine) 1-5 ml 

(6) Water 40 ml 

(7) pH 11.5 

On the surface of nickel, platinum plated layer of about 
2 um thickness was obtained and the utilisation ratio of 

platinum was 98 %. 

Example of Application 5 

To a plate-shaped sample (3 x 4 cm) of 2 mm thickness 
made of ABS resin (made by Nippon Goaex Gomu <K.K.)), the 

platinum plating was conducted. 

As for the pretreatment of the sample, the activation was 

applied by the known chromic acid etching and the catalyst 
bath and activation bath. 

Aa for the platinum plating bath, the one having the com- 
position of Example of Application 1 was used. Dipping was 
done at 40 ^50 dag C for 2 hours tc obtain the plating of 
about 2 um. i/uring this period, decomposition of the bath 
solution was not observed and the utilization ratio was 97 
%. 
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